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UFAT SF.AT.ER FOR THF.RMOPLASTIC FILM S 
RArKGROUNn OF THE INVENTION 

The present invention relates to a heat sealing device, and more particularly to a 
heat sealing device useful for simultaneously sealing and severing thermoplastic films. 

It is well known to those of skill in the art to use a hot-wire sealer or impulse 
sealing device to simultaneously seal and sever thermoplastic films. Figs. 1-2 show a typical 
prior art impulse heat sealing device 8 in the open and closed positions, respectively. Heat sealer 
8 includes opposing front jaw 10 and rear jaw 12. First and second films 30 and 32 are inserted 
between the opposing jaws. Front jaw 10 includes jaw base 16 on which is mounted an 
insulating layer 18 of polytetrafluoroethylene ("PTFE") coated woven fiberglass. Heat sealing 
element 20, which is typically a nichrome resistance wire, is adjacent the insulating layer 18. 
Front jaw release sheet 22, which is a PTFE-coated woven fiberglass, covers the heating element 
20 Because the front jaw release sheet 22 includes a woven fiberglass substrate made up of 
relatively stiff glass yarns, the release sheet forms voids or air pockets 24 on either side of the 
heating element 20. However, if the front jaw release sheet 22 were to be conformed around 
heating element 20 to reduce or eliminate the voids 24, then the glass yarns of the woven 
fiberglass substrate may break, fracture, or tear during the heat seal operation, thus reducing the 
effectiveness and life of the front jaw release sheet 22. 

Rear jaw 12 includes rear jaw base 26 on which is mounted resilient pad 14, 
typically made of silicone rubber. Rear jaw release sheet 28 is a PTFE-coated woven fiberglass 
that covers pad 14. The cross-sectional thickness of resilient pad 14 - taken from the rear jaw 
base 26 to rear jaw release sheet 28 - is greater than the cross-sectional diameter or thickness of 
heat sealing element 20. For example, the pad thickness is more than twice as great as the heat 
seal element cross-sectional diameter. This difference in thickness allows heating element 20 to 
press into the pad 14 during the sealing operation, as discussed below. 

In operation to form heat seals 36, the first and second jaws move toward each 
other so that front jaw release sheet 22 engages first film 30 and rear jaw release sheet 28 
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. f , m 32 The voids 24 and the relative stiffness of front jaw release sheet 22 
cause films 30 and 32 are subjected to pressure only in the relatively narrow 

narrow width. 

Once the front and rear jaws have Cosed on films 30 and 32 (Fig. 2), ,he 
T and thickness of pad 14 causes the pad to apply a relatively constant or umfo rm 
resiliency and thickness 01 v*» u pnt i n a element 20. This 

~ to the films 30 and 32 where they conform to the shape of heating element 
pressure to the films ^ fiims 3Q and n tQ tear |n 

relatively uniform pressure across the contact area 34 o 

y^^ABVOFTHEINVENTiaH 

The proUems discussed above are overcome in the P-« — ^ 
■ a „ for heat sealing a. leas, two thermoplastic films together. The devce 
sealing/sevenng devce for heat sealing and a ^ 

incudes front and rear opposing jaws that are moveab* b«we a J 
posit.cn. The open position defines a zone for mserfng the «^ ^ 

thermoplastic films together. The rear law mc.udes resd,e p ^ 
heating element is positioned between the insertron zone and the fr - 
beating element has a cross-sectiona. thickness no less than 0.55 „mes 
thickness of the resilient portion. 

,„ . second aspect, a front jaw release sheet is posttioned between the — 

_ and the fro „ t ja w when the front and rear jaws are ~ 
v ^hPtween the front jaw release sheet and the front jaw. in one 
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jaws are in ,he dosed position and disengages from «he heating element when the front and- 
Is are in ft. open position. In a second embodiment of this aspect, the front ,aw release shee 
Ilforced. ,n a thtrd embod.men, of this aspect, the heating eiemen, has a cro,-sec„onal 
hilnls no .ess than about 0,5 times the cross-sectiona, thickness of the resd.en, p„r»o„. 

The present invention includes a method of simultaneous* seaiing and severmg 
at ,eas, two thermoplastic films by the following steps. Firs,, insert the thermopfcstic films m the 
of the devic* of the present invention. Next, move the front and rear ,aws to the 
77 T„ 2 a ITth thermoplastic films are pressed together between the front and 

:::i:„ g . ^ ^ . — y sever - - - - — 

films. Next, discontinue the eiectrical impulse to the heatmg element whtle the 
jaws are in the closed position to set the heat seal. 

The heat sealer of the present invention provides several advantages The front 
)aw release shee, - which prevents the heating element from sticMng to the heat s^ ~ 

otherwise interfere with the sealing and severing process. 

The present heat sealer can form consistent hea, seals with fewer leaks The heat 
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as the toe from ,he ape, of ,he heating element ^^^^ 

voids or leaks and enhance seal conastency. Yet, the 
heating element's apex. 

These and Cher objects, advantages, and features of the invention w,l, be more 
readilv understood and appreeiated b y reference ,„ the detailed description of the — and 

the drawings. 

Fig , , i5 a cross-sectiona, view of a prior art hea, sealer in the open posi.ton, 
Fig . 2 is a cross-sectiona, view of the heat sealer of Fig. . in the dosed position, 
Fig . 3 is a cross-sectional view of a heat sealer of the present invention in ,he 
» open position with two films to be heat sealed inserted; 

I Fig , 4 is a cross-sectiona, view of the hea. sealer of Fig. 3 ,n the closed position; 

, Fig . , is a cross-sectiona, view of the hea, sealer of Fig. 3 in the open position 

tl5 with the two films heat sealed and severed; and 

| Fig . 6 is a cross-sectiona. view of an alternative configuration for the front Jaw 

° and heat sealing element of Fig. 3. 

The hea, sealing devtce 40 of the present inventton include, . on, Jaw « and rear 
,eas, two thermoplastic films that are ,o be ea, s«led an ^ 

25 and closed positions. 
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Front jaw 42 includes a front jaw base portion 46 to provide structural support to 
the front jaw The base portion 46 may be constructed of a material and configuration that are 
suitable for providing the necessary mechanical support and strength to the jaw of the heat- 
seal/sever dev.ce 40. Aluminum is a preferred material because i. is lightweight, strong, and 
relatively mexpensive. The front jaw 42 may generally have a rectangular-sided polyhedron 
shape. 

Front jaw 42 may include a front jaw insulator portion 48 mounted or adjacent to 
the front jaw base portion 46. Insulator portion 48 includes a sufficient amount and type of 
materia, to provide the hardness, temperature resistance, and electrical and he* ,nsula,,on 
cha.cteris.ics necessary to support and isolate the heating element 52 from front jaw base 
portion 46 during the sealer operation (discussed below). Usefu, materials for msulator 
portion 48 include phenolic resin and phenolic resin composites (e.g., reinforced phenohc 
moldings). 

Front jaw 42 may also include insulating layer 50 covering at least a potion of 
the front of insulator portion 48. The insulating layer 50 further electrically and thermally 
3 isolates heating element 52 from front jaw base portion 46. Insulating layer 50 
- materia, suitable as a high temperature insulator, for example a polyimide or fluoroplastic 
2 material, such as a fluoroplastic (e.g., PTFE) coated woven fiberglass. Insulating layer 50 may 
| be ad hesive,y mounted to insulator portion 48, in which case the insulating layer 50 may mclude 
3o a PTFE-coated woven fiberglass tape. 

Rear jaw 44 includes rear jaw base portion 54 to provide structural support for 
rea r jaw 44 and may also include rear jaw insulator portion 56 to provide hardness, temperature 
resistance and electrical and thermal insulation characteristics. Rear jaw base portion 54 and 
msuUtor portion 56 may be constructed of the same materials and have sim.lar configurations as 
25 front jaw base portion 46 and insulator portion 48 discussed above. 

Rear jaw 44 includes a resilient portion 58 located in a section of rear jaw 44 that 
is proximate front jaw 42 (i.e., the resilient portion 58 -faces" front jaw 42). In the embodiment 
shown in the drawings, resilient portion 58 is a resilient pad mounted or adhesively appl.ed on 
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me face of rear jaw insulator portion 56. However, the resiiien. portion 58 may be an m,egra, 
par. either of the insulator portion 56 or of another section of rear jaw 44. The resiiien, portion 
58 may induce an e,as.omeric material, such as sihcone ™bber or a fluoroeUstomer, that has 
suitable heat resistance charac.erist.es for .he desired heat-seal/sever apphcat.on. 

The selection of the cross-sectional thickness and hardness of the resilient portion 
58 that produces an optima, hea, seal/sever for a grven application may be determined usmg 
routine experimentation by one of skill in the art. This selection depends on several facors, sue 
as .he cross-sectional .hickness of .he heating elemen. 52 (discussed below) and .he phys,ca, 
charac.eris.ics (e.g , hardness) of .he film being hea. sealed. The resiiien. portion 58 has a cross- 
sectional .hickness (as shown in Fig 3) preferably no grea«er .ban abou. (in ascendmg order of 
preference) 1.8, 1.5, 1.0, 0.67, 0.5, and 0.25 times ,he cross-sectional diame.er or .htckness of 
heating elemen. 52. The hardness (I.e., indentation hardness) of .he restl.en, portion 58 ,s 
preferably a. leas, as hard as ,he hardness of films 30, 32 (taken a, room temperature). 

Preferably, .he surface 59 of rear jaw 44 that faces front jaw 42 includes a release 
or non-stick characteristic sufficient to preclude the adherence of film 32 to .herea, ^ jaw 44 
during the hea, sea, operation (discussed below). This release characteristic may be mheren, » 
.he ma.eria, se,ec,ed for resiiien. portion 58 or may be provided by rear ,aw release she . 60 
applied .o resihen. portion 58. Rear jaw release shee. 60 may include a ma.er.al capable of 
Seated exposure to the temperature of the sealing/severing process while ma,n,a,n,ng .he 
old release charac.eris.ics .o preven. .he hea. sealed/severed films from adhermg to rear jaw 
44 Sui,ab,e re,ease materials indude reinforced polypes or fluoroses, such as P T FE- 
coa,ed woven fiberg,ass, and non-reinforced polyimides or fluoroplastics, such as sktved PTFR 
A non-reinforced ma.erial is preferred because i. avoids the problem of havmg .he rem or^nen 
s„bs.ra.e fibers .ear or break, which may hinder a clean hea. sealer operation Furthe , 
1-reinforced release mareria. is less stiff .han a .enforced m,er,ai, and merefore h*s les 
.endency .o negatively affec. .he resiliency of resiiien. portion 58. The rear ,aw re ease s ee 60 
may be adhesively applied .0 ,he resilten. portion 58. The sickness of rear ,aw release shee. 60 
is sufficien, .o provide ,he desired release charac.eris.ics wi.hou. reducing ,he res.hency of 
resiiien, portion 58 ,o an undesirable level. For example, me .hickness of .he rear jaw release 



10 



; is 



sh ee. may be euua, .o abou. 1/3 or less of ,he ,hic k »ess of ,he resilien. portior ,5. 
thicknesses may also include from 0.001 «o 0.0.3 inches, for example from 0.003 t o 

inches. 

,„ ,he open position (Pig. 3), fton. and rear jaws 42, 44 define a zone 62 for 
ir.ser.ing firs, and second fi.ms 30 and 32 be,ween .he jaws. The embodimen, shown ,n . e 
ZZ iiius.ra.es ,wo films being hea, se,ed ,oge,her; however, devic 40 ma, be used , 

IsL and/or sever a. lea, .wo films. The phrase "a. ,eas. .wo films- as use^ ,n h, 
^ ,,on includes .he meamngs of: 0 one shee. folded over upon i.self * in ef^rm 

L for hea. seahng, i.) a .be of f„m ma,eria, ,a.d * « ~ ~ 

other for hea, sealing, and iii) .wo or more films. The films 30 V 

thermoplastic material suitable for a heat-seal/sever applicauon. 

Fron. jaw release shee. 66 may be positioned between insertion zone 62 and from 

jaw 42 when .he hea. sealer 40 is in .he op,n posifio, The fron, jaw release shee. 66 melons a 

,o the films 30 and 32 to effec. .he hea. seal/sever „pera.ion - ye. help preven, films 30 and 32 
Tots lg , hearing elemen. 32 after repeated exposure .o ,he — 
of .he hea. sea. operafion (discussed below). Sui.ab,e ma,eria,s (i.e. ,e,ease matena, . 
fton , jaw release shee. 66 include reinforced polyimides and fluoroses, »* - ££~" d 
woven fiberglass, and non-reinforced polyimides and fluorop.as.ics, such as sfcved 

Preferably, .he fron, jaw release shee. 66 has a configuration, construction, and 
, hick „ess ,ha, allows i, .o more easily conform .o heafing elemen. 52 during the hea, sea 
To ,ha. end .he fron. jaw release shee. 66 may include a non-reinforced ma.er.al .0 
ZZZ*** -en, 52 dur,ng .he hea. sea, operafion and - ,o avoid ,or„ or 
better contorm reinforced" or "unreinforced," as used in this 

r evoid of a subs,ra,e ma,eria, (such as woven or ma..ed fiberglass, , prov e s.reng 
2 21 .o .he ma.erial. A suitable thickness for ,he fron. law release shee. 60 may b 
I led by routine experiment^ by one of ski,, in .he art, and depends on acto, 
Ilg .he physical charac.eris.ics of.be release shee, .he desired hea. transfer ra,e .hrough 
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the release shee,, and .he physical characterises - * - being seale, A — 
fo, .he from jaw release sheer that comprises skived PTFE ranges from abou. 0.0020 ,o abou, 
11! for .he app,ica.,on of hea,-sea,ing,severing .wo polygene fums each hav,„ g a 
thickness of from about 0.0005 .0 about 0.0015 inches. 

As an a,«erna.ive to fron. J3 w release shee, 66, .he desired release charac.eris.ic 
f 0 , prevemins .he hea. sealed/severed f„ms from ,,cki„ g .o hea,ing elemen, 52 may be achieved 
bv lorporaring a non-s.ick attribute ,o .he ex.erna, surface of heafng elemen, 52 - or by 
1« resi Lee wire from a materia, .ha. inherently possesses ,e desired release or non- 
"irirac.eris.ic. Less preferably, he* seal/sever device 40 may be co„s.ruc,ed w,. out 

heat seal/sever operation. 

One or more spacers 68 may serve .o space or disengage fron. jaw release shee. 
66 aw ay or apart from hea,ng elemen. 52 when the sealing device 40 is in ^J^Z 

40 The spacers 68 may be cons.ruc.ed of a rigid or flexible ma.eria, (such as metal or 
HI J,s sui.ab,e .„ posilion ,e fron. iaw re,ease shee. between the 
m2 nZ o„e62and,heheatinge,eme„.52whe„ .he device 40 ,s ,n *e open pos,,o„. 

Preferably, spacers 68 include an amoun. and .ype of ma.erial having sufficient 
fl exibi,i.y and resiliency (i.e., Wing ma.eriaD so .ha, spacers 68 have ,he charac.er,s,,cs ^ 
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under the MYLAR trademark), polyvinylchloride (PVC) plastic film, and the like. Other 
recoiling materials may include plastic or metal springs, sheet metal, woven metal wire, plastic 
sheets, and foam rubber. 

HeatingNelement 52 is positioned between front jaw release sheet 66 and front jaw 
42. Heating element 52\ay be imbedded in front jaw 42 (Fig. 6), adjacent the surface of front 
jaw 42 (e.g., adjacent insulating layer 50 of Figs. 3-5), or spaced apart from front jaw 42 when 
device 42 is in the open position (not shown). The embodiment having an imbedded heating 
element (Fig. 6) provides the advantages of retaining the heating element 52 in a more fixed 
position relative to the front jaw 42\and lowering the cross-sectional profile of heating element 
52. 

Useful materials and configurations for heating elements for impulse heat sealers 
are known in the art. For example, heating element 52 may include a circular-cross sectional 
metal wire, such as a nichrome resistance wire, that heats rapidly upon the application of an 
electrical current. The heating element wire may be pre-stretched to reduce expansion of the 
wire during the heat seal operation over the life of the wire. 

The optimal cross-sectional thickness or diameter for heating element 52 for a 
given application may be determined by routine experimentation by those of skill in the art, and 
depends upon factors such as: i) the physical characteristics (e.g., hardness and thickness) of the 
films being heat sealed/severed and ii) the thickness and resiliency (e.g., hardness) of the 
resilient pad 58. The heating element 52 has a cross-sectional diameter or thickness that may be 
no less than about (in ascending order of preference) 0.55, 0.65, 0.75, 1.0, 1.5, 2.0, and 2.5 times 
the cross-sectional thickness of rear jaw resilient portion 58. Further, the cross-sectional 
thickness of heating element 52 may be no more than twice the total cross-sectional thickness of 
the films being heat sealed/severed. Useful ranges for the cross-sectional thickness or diameter 
of heating element 52 include (in ascending order of preference) from about 0.002 to 0.060 
inches, from about 0.010 to about 0.030 inches, and from about 0.015 to about 0.025 inches. For 
the application of heat-sealing/severing two polyethylene films each having a thickness of from 
about 0.0005 to about 0.0015 inches, a useful cross-sectional thickness for the heating element 
ranges from about 0.015 to about 0.025 inches, preferably about 0.020 inches. 
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Heating element 52 is connected to an electrical impulse providing apparatus (not 
shown). Preferably, the electrical connections (not shown) to the heating element 52 are as close 
as practical to the working area of the heating element in order to reduce the chance of hot spots 
and lower the power requirements of the heating element for a given temperature. 

O peration and Use of the Se aling/Severing Device 

To simultaneously seal and sever first and second films 30 and 32, heat sealer 40 
begins in the open position. (Fig. 3.) Films 30 and 32 are fed into insertion zone 62. The front 
and rear jaws 42, 44 are closed onto the films 30 and 32. (Fig. 4.) In doing so, front jaw release 
sheet 66 engages both heating element 52 and first film 30. The front jaw release sheet helps 
"iron" or smooth out any wrinkles that may be present in films 30 and 32 in the area to be heat 
sealed. 

Once the device 40 is closed, the films 30, 32 are trapped between the front and 
rear jaws by the pressure exerted by heating element 52 on rear jaw resilient portion 58. An 
electrical impulse is then fed through heating element 52 to heat it to the desired heat- seal/sever 
temperature appropriate for the materials and thickness of films 30 and 32. The heated heatmg 
element 52 transfers heat through front jaw release sheet 66 to films 30, 32 to soften or melt the 
films in the heat seal region. 

Because the front jaw release sheet 66 preferably lacks a substrate reinforcement 
to stiffen the release sheet, the front jaw release sheet (and thus films 30, 32) may more easily 
conform to heating element 52 when the heat sealer 40 is in the closed position, for example, 
conforming to greater than 20% of the surface area of the heating element 52 that is within the 
transverse width of the heat sealed films, preferably greater than 30%, and more preferably 
greater than 40%. This amount of conformity results in a relatively larger width heat seal 72 (as 
measured from the sever) than the heat seals formed by comparative prior art heat seal devices 
25 that use reinforced release sheets. 

Due to the preferred relative sizes of the rear jaw resilient portion 58 and heating 
element 52 (as discussed above), the rear jaw resilient portion 58 compresses against the 
relatively non-compressive rear jaw insulator portion 56. At this point, the compressive force is 
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greatest a. the apex 70 of the heating eLemen, 52. This compressive force - in combination w,,h 
the softening of the films by the hea, transferred from the heating eiemen, 52 - severs the films 
a, apex 70. In fact, the rear jaw resident portion 58 may compress to the point where ,, bottoms 
out ' against the reiativeiy non-compressive rear jaw insuiator portion 56 - that ,s the heatmg 
eiemen. 52 may compress the rear jaw resiiien, portion 58 to the point where the res,hen, portion 
58 has similar compression characteristics as the films 30 and 32. 

The concentrated compressive force at apex 70 extrudes the softened or melted 
film materia, to both sides of the heating elemen, 52. Further, the soft and resilien, portion 58 
forces films 30, 32 to conform to the sides of heating dement 52 with gradually ecreasm 
compressive force as the distance from the apex 70 increases. As a result, films 30, 3 « 

compressed together during the hea, seal operation with gradually decreasmg fore as the 
compress s soften Qr mehed fl , m 

distance from the sever (i.e., apex 70) increases, inus, tne .... hMl 

a a t ™ ,u. area of aoex 70 - material that assists in forming heat 
material that flows or is extruded from the area ot apex 

^ n - decreases as the distance increases from apex 70. The resulting heat seals 72 
gradually decrease in fusion between films 30 and 32 as the distance from the sever increases - 
resulting in a more consistent heat seal with fewer leaks. 

After the films are severed, the electrical impulse device is switched off to allow 
th e films ,„ cool (while under pressure, so tha, the hea, seals 72 are se, (i.e., cooled to ,he poin, 
,ha« the hea. sea, does no, seoara,e upon opening .he jaws). The fron, and rear ,aws 42, 44 ar 
I pened ,o re,ease ,he hea,sea,ed and severed fi,m, (Fig. 5.) The release = ,.c 
harac Lies of fron. and rear jaw release sheets 60 and « help to assure that the films 30, 2 
721 to ,he fion, and rear jaws 42, 44 and ,ha, heating element 52 remains relatively 
ean A the jaws open, the spacers 68 preferably cause the fron, jaw re,ease shee, 66 ,o spnng 

z - ±* — - * — - am ° uM ° f ,ime in wHc : z 

release shee, 66 is exposed ,o .he high .empera,„re of ,he hearing e,emen, - resulting ,n reduced 
Uiermal degradation and increased useful life for the fron, jaw release shee, 66. 

The heat-seahng/severing device 40 may be operated in a high speed, repetitive 
manner. Times required for the sealing/severing mode and cooling mode depend on numerous 
factors, including the thickness and P hys.cal properties of the films b*ing sealed and severed 



Sealing/severing times may range from about 0.2 to 3 seconds, preferably from about 0.45 to 
about 0.7 seconds. Cooling times may range from about 0.05 to about 8 or more seconds, 
preferably from about 0.05 to about 0.1 seconds. 

The heat-sealing/severing device 40 may be used as part of a vertical form and fill 
machine, for example to simultaneously form transverse heat seals (i.e., end seals) across a 
tubular thermoplastic material while severing the newly formed bag from the remaining tubular 
material. This type of application is described in U.S. Patents 4,981,546 issued January 1, 1991 
to Bergevin and 5,538,590 issued July 23, 1996 to Riley. The heat-sealing/severing device is 
also useful as part of: i) the apparatus for producing foam filled packaging cushions described in 
U.S. Patent 5,335,483 issued August 9, 1994 to Gavronsky and ii) the machine for producing 
inflated packaging cushions described in U.S. Patent 5,942,076 issued August 24, 1999 to 
Salerno. Each of these four patents is incorporated herein in its entirety by reference. 

The above descriptions are those of preferred embodiments of the invention. 
Various alterations and changes can be made without departing from the spirit and broader 
aspects of the invention as defined in the claims, which are to be interpreted in accordance with 
the principles of patent law, including the doctrine of equivalents. Except in the claims and the 
specific examples, or where otherwise expressly indicated, all numerical quantities in this 
description indicating amounts of material, use conditions, characteristics of materials, and the 
like are to be understood as modified by the word "about" in describing the broadest scope of 
the invention. Any reference to an item in the disclosure or to an element in the claims in the 
singular using the articles "a," "an," "the," or "said" is not to be construed as limiting the item or 
element to the singular unless expressly so stated. 
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